ABSTRACT: An updated checklist of the mosquito species (Diptera: Culicidae) recorded in Morocco from 1916 to 2016 is provided, including synonyms and synonymous usage for each species. Forty-three species belonging to seven genera are recorded so far: Anopheles (9), Aedes (12) Coquillettidia (2), Culex (12), Culiseta (5), Orthopodomyia (1) and Uranotaenia (2). Traditional and equivalent names in the polyphyletic concept of Aedes are provided for the aedine species. The historical importance and current potential threat of mosquitoes to human health in Morocco is reviewed. Journal of Vector Ecology 42 (1): 94-104. 2017.
INTRODUCTION
The first and preliminary list of the mosquitoes of Morocco was included in the bibliographic review of Trari et al. (2002) , who reviewed all studies of Moroccan mosquitoes published from 1916 to 2001. Since that publication, the invasive species Aedes albopictus (aka Stegomyia albopicta) has been found in Morocco (Bennouna et al. 2016) , thus 43 species are now known to occur in the country. In addition, major taxonomic changes have been made to the classification of the tribe Aedini (Reinert et al. 2004 , 2009 , with the formal recognition of many new generic-level taxa. Many of the genera which Reinert et al. (2009) recognized in their classification of Aedini were reduced to subgenera in a very large composite genus Aedes by Wilkerson et al. (2015) . Thus, whereas the 43 species of Culicidae known to occur in Morocco comprise 11 genera in the classification of Reinert et al. (2009) , including Anopheles (9 species), Acartomyia (1), Aedimorphus (1), Coquillettidia (2), Culex (12), Culiseta (5), Dahliana (2), Ochlerotatus (6), Orthopodomyia (1), Stegomyia (2), and Uranotaenia (2), they comprise seven genera in the revised traditional classification of Wilkerson et al. (2015) where Acartomyia, Aedimorphus, Dahliana, Ochlerotatus, and Stegomyia are treated as subgenera of Aedes.
An inventory of currently recognized Moroccan taxa, with synonyms and previous usage, is provided herein. This listing is organized alphabetically as in the world catalogue of Knight and Stone (1977) . The aedine species, following Wilkerson et al. (2015) , are listed as species of Aedes along with the equivalent generic combinations of Reinert et al. (2009) . The latter are included because the generic designations of Reinert et al. (2009) are accepted and used by some researchers (e.g., Batovska et al. 2016 , Natarajan et al. 2016 , and it is important to include them to avoid confusion and foster comparison with previous literature.
The subgenera Anopheles and Cellia of the genus Anopheles are divided into hierarchical systems of informal taxonomic categories (Reid and Knight 1961 , Harbach 1994 , 2004 , 2013 , 2016 , but due to the small number of species (nine) of this genus in Morocco, the informal categories of classification are not included in the checklist. The two-letter and three-letter abbreviations for genera and subgenera, respectively, provided by Reinert et al. (2009) and Wilkerson et al. (2015) are used herein. Synonyms and/or synonymous usage are drawn from Trari et al. (2004) and Gaffigan et al. (2015) .
The present paper has two purposes. Firstly, it is intended to update the inventory of species and clarify confusing usage of names in the Moroccan literature, to aid the preparation of a catalog and to provide a better understanding of the distributions of the mosquitoes of Morocco (Trari and Kakki 2017) . Secondly, it aims to review the historical association of mosquitoes and disease as a backdrop to the current threat of mosquito-borne pathogens to human health in Morocco. Up-to-date information on the mosquitoes of Morocco is of considerable importance in view of climate change and the increasing number of exotic species and pathogens that are being transported around the world and introduced into new areas with susceptible populations. Indeed, climate change is responsible for modifications in the migration patterns of birds that are reservoirs and disseminators of arboviruses. Given the geographic location of Morocco in relation to migratory pathways, which encompasses one of the main routes of Palaearctic-Afrotropical migration, arboviral outbreaks may occur in the country. In fact, this is confirmed by the three recent outbreaks of West Nile virus (including one fatal case in 1996) that occurred in the northwest of Morocco (El Harrak et al. 1997 , Schuffenecker et al. 2005 , Fassil et al. 2011 . For these reasons, some information on the biology and medical importance of the Moroccan mosquito fauna is provided at the end of the checklist that follows. 
REVIEW OF MOROCCAN MOSQUITOES OF MEDICAL IMPORTANCE
Trari (Ph.D. thesis, Université Mohammed V, Rabat) reviewed the mosquitoes of Morocco and their historical and present relation to human disease. An objective of her thesis was to summarize, as completely as possible, the literature that contains information about the Moroccan species which previously had and could now play a role in the transmission of pathogenic agents. The available information pertaining to 23 species of known and potential medical importance is consolidated here.
Aedes aegypti
Aedes aegypti is the main vector of yellow fever (Soper 1967 , Tabachnick 1991 ) and dengue fever viruses (Rodhain 1996 , Le Goff et al. 2011 , Brady et al. 2014 . It is also capable of transmitting other arboviruses, such as Chikungunya 
Aedes albopictus
Aedes albopictus, native to southeastern Asia, is one of the most invasive species in the world (Medlock et al. 2015) . It has been expanding in geographical range over the past two decades, colonizing the Americas, Europe, and Africa (Paupy et al. 2009 ). The species is an efficient vector of dengue fever and chikungunya viruses (Haddad et al. 2012 , Paupy et al. 2010 ) but is also capable of transmitting a number of other arboviruses (Gratz 2004a,b) , such as yellow fever (Tabachnick 1991) , Japanese encephalitis (Weng et al. 1999 ), West Nile (Haddad et al. 2012 , Turell et al. 2001 , Sindbis (Bowers et al. 2003) , and Zika viruses (ChouinCarneiro et al. 2016 ).
Aedes caspius
Aedes caspius is a vector of West Nile, Tahyna, and Sindbis viruses in Europe (Moussiegt 1988 , Lundström 1999 . Tahyna virus was isolated from Ae. caspius in Germany (Pilaski and Mackenstein 1985) and West Nile virus in Bulgaria (Hubálek and Halouzka 1999) and Ukraine (Hubálek 2000, Hubálek and Halouzka 1999) . This species can also transmit microfilariae (Dirofilaria immitis) (Ferreira et al. 2015) and appears to be (with Ae. vexans) the most important vector of filarial parasites (Dirofilaria immitis and D. repens) in Italy (Gratz 2004a) . The species has also been found infected with avian Plasmodium in southern Spain (Ferraguti et al. 2013 ) and may transmit myxomatosis virus (Joubert et al. 1967 ).
Aedes detritus
Aedes detritus is not known as a major vector of parasitic agents of human diseases (Ribeiro et al. 1988) , however this species is particularly sensitive to Chikungunya virus . It may also transmit myxomatosis virus (Joubert et al. 1967 ) and the agent of canine dirofilariasis (Dirofilaria immitis) (Ferreira et al. 2015) .
Aedes mariae
Aedes mariae is not known to be of medical importance to humans, but it is capable of transmitting parasites to birds (Gutsevich et al. 1974 ).
Aedes vexans
Aedes vexans is capable to transmitting viruses that include equine and St. Louis encephalitis viruses (Turell et al. 2001 ), West Nile virus (Turell et al. 2001 , Gratz 2004a , Molaei and Andreadis 2006 , Tiawsirisup et al. 2008 , Tahyna virus (Pilaski and Mackenstein 1985) , and Rift Valley fever virus (Fontenille et al. 1995 (Fontenille et al. , 1998 . This species is also a vector of microfilariae (Reinert 1973 , Gratz 2004a ).
Anopheles algeriensis
Anopheles algeriensis has been considered an incidental vector of malarial protozoa in northern Africa (Horsfall 1972) , and was identified as the species responsible for malaria transmission in Algeria during the early part of the twentieth century (Sergent and Sergent 1905) . It has been considered a secondary vector in Morocco, but its role in transmission was negligible due to its scarcity (Gaud 1953 , Guy 1959d ).
Anopheles cinereus
Anopheles cinereus is generally considered to be of no medical importance. However, sporozoites were found in this species during an epidemic of malaria in southern Morocco (Midelt) in the early 1960s. It was the only species found in the region at the time (Guy 1963) .
Anopheles claviger
Anopheles claviger was considered an effective principal vector of malarial protozoa in the High Atlas Mountains of Morocco (Vermeil and Doby 1950) , but this was questioned by Guy and Holstein (1968) .
Anopheles dthali
Anopheles dthali is suspected of playing a role in the transmission of malarial protozoa south of the Atlas Mountains, but its vector status has never been proven (Trari et al. 2004, Trari and Carnevale 2011) .
Anopheles labranchiae
Anopheles labranchiae, a member of the Holarctic An. maculipennis group, is the most efficient vector of malaria protozoa in the Palearctic Region (Mouchet et al. 2004 , Sinka et al. 2010 . In Morocco, it is unquestionably the main vector (Trari et al. 2004, Trari and Carnevale 2011) , having been responsible for the transmission of Plasmodium vivax, P. malariae and P. falciparum in the country in the past (Gaud et al. 1949) .
Anopheles marteri
The role of An. marteri as a vector of malarial protozoa seems doubtful (Ribeiro et al. 1988) , and any involvement would probably have been limited in Morocco (Trari et al. 2004, Trari and Carnevale 2011) .
Anopheles multicolor
Anopheles multicolor was considered the most important vector of malarial protozoa in the Saharan regions of Algeria (Foley 1923) . This species played a significant role in malaria transmission in the south of Morocco in the mid-1900s (Guy 1959d) . It is also capable to transmitting Rift Valley Fever virus, which was discovered during epidemics of the disease in Egypt (Gad et al. 1987 ).
Anopheles sergentii
According to Guy (1963) , An. sergentii played a role in the transmission of malarial protozoa in the south of Morocco while An. labranchiae was involved in the north of the country. However, its role was difficult to prove because its distribution overlaps that of An. labranchiae in the central area of the country.
Anopheles ziemanni
Anopheles ziemanni does not seem to play a significant role in the transmission of malarial protozoa in Morocco Andarelli 1956, Guy 1959d) .
Coquillettidia richiardii
Coquillettidia richiardii, along with Cx. pipiens and Cx. modestus, is known to transmit West Nile virus in Europe (Hubálek and Halouzka 1999) .
Culex impudicus
Culex impudicus is thought to be capable of transmitting West Nile virus in Italy (Romi et al. 2004 ).
Culex mimeticus
Culex mimeticus is a suspected vector of West Nile virus in Portugal (Almeida et al. 2010) .
Culex modestus
Culex modestus is considered to be highly susceptible to infection of West Nile virus (Hannoun et al. 1964 , Mouchet et al. 1970 , Hubálek 2000 , Bodker et al. 2014 , Vaux et al. 2015 , Cotar et al. 2016 . This species has also been found to carry Japanese encephalitis virus in China (Anonymous 1980 ) and avian Plasmodium species in southern Spain (Ferraguti et al. 2013) . It may also be involved in the transmission of myxomatosis virus (Joubert et al. 1967) and Tahyna virus (Danielová and Holubova 1976) .
Culex perexiguus
Culex perexiguus is a vector of West Nile virus (Cornel et al. 1993 , Miller et al. 2000 , Jupp 2001 . It is an important vector of this virus in Africa, the Middle East (Hubálek and Halouzka 1999) and Europe (Muñoz et al. 2012 , Balenghien et al. 2008 . The virus was isolated recently from Cx. perexiguus in southern Spain (Vázquez et al. 2011) , which was also found to harbor avian Plasmodium species (Ferraguti et al. 2013 ).
Culex pipiens
Culex pipiens is a vector of arboviruses known to occur in Europe, for example West Nile virus (Gratz 2004a , Lundström 1999 , and it was involved in the recent West Nile virus outbreak in the U.S.A. (Andreadis 2012 , Fechter-Leggett et al. 2012 , Richards et al., 2014 . This species contributes to virus circulation in several countries, including South Africa, Egypt, Israel, Bulgaria (Hubálek and Halouzka 1999) , Romania, Czech Republic (Hubálek and Halouzka 1999, Hubálek 2000) , Sweden (Francy et al. 1989.) , Italy (Romi et al. 2004 , Calzolari et al. 2010 , France (Balenghien et al. 2008) , Portugal (Esteves et al. 2005 , Almeida et al. 2008 , Spain (Muñoz et al. 2012) , Tunisia (Krida et al. 2015.) , Algeria (Benallal et al. 2015) , and Morocco (Amraoui et al. 2012 ).Culex pipiens is also capable of transmitting other viruses in Europe, such as Tahyna (Lundström 1999) and Sindbis viruses (Francy et al. 1989 , Lundström 1999 ). In the Mediterranean region, Cx. pipiens would also be capable of transmitting Rift Valley fever virus (Moutailler et al. 2008 , Krida et al. 2011 and is suspected to be primarily responsible for outbreaks of this virus during epidemics that occurred among humans in Egypt (Gad et al. 1999) . Additionally, Cx. pipiens may be a natural vector of avian malarial protozoa (Lalubin et al. 2013 ), Japanese encephalitis virus (Ravanini et al. 2012) , and microfilariae (Harb et al. 1993 , Abdel-Hamid et al. 2011 , Ferreira et al. 2015 .
Culex theileri
Culex theileri is capable of transmitting arboviruses that include West Nile, Tahyna, and Sindbis viruses (Lundström 1999 ). This species has been found to be naturally infected with Dirofilaria immitis (dog heartworm) in Iran (Azari-Hamidian et al. 2009 ) and Portugal (Ferreira et al. 2015) . This species was found carrying avian Plasmodium in the south of Spain (Ferraguti et al. 2013) and could also play a role in the transmission of Dirofilaria immitis (Martínez-de la Puente et al. 2012) .
Culiseta annulata
Culiseta annulata is capable of transmitting Tahyna virus (Danielová et al. 1970 , Danielová 1972 , Bárdos et al. 1975 ).
CONCLUSIONS
The mosquito fauna of Morocco includes 43 species, 23 of which are recognized vectors or potential vectors of mosquitoborne pathogens. Because of the confusing use of names for mosquitoes in the Moroccan literature, all synonymous usage is included in the list to better understand the distributions of the species and provide insights into their ecological associations as an aid for bionomical studies.
